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10 power c i rcui t  i n  a convenient manner. Each ce l l  is separately 
, ., 
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, ' .  11 mounted and encased-within a r ig id  structure so that the c e l l  is  
12 protected against aciidental impact and deposition of contaminants. 
131 The r ig id  structure include's a plurality of orthogonally related lbg . 1 d ' 
'14 ,  members defining an enclosure for  receiving therewithin a solar 
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BE I T  KNOWN THAT ROBERT K. YASUI, a citizen of th  
*11 United States of America, residing at Los Angeles, county of 
. 5 Los Angeles, State of California, has invented a new and' usefur 
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- ': yhich the following is a specification: 
1. Field of the Invention: 
The invention re la tes  t o  solar c e l l  matrixes and mve 
I 
411 particularly t o  an improved matrix formed of a multiplicity of 
I 
5!/ separately encased solar ce l l s .  
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131 fo r  responsively developing an output of e lec t r i ca l  energy. 
2 .  Description of the Prior A r t :  
One of the techniques currently employed i n  fabricati- 
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I 14 Normally the c e l l s  a re  individually handled and quite often are 1 I 
separately handled and secured t o  a substrate forming a matrix. 
The individual c e l l s  a re  e lec t r ica l ly  coupled i n  both paral lel  
and ser ies  c i rcu i t s  and are  presented t o  a source of solar energy I 
I 
1 5  damaged during the fabrication of the matrix. Such damage 
161 includes chipping, cracking and the l ike  resulting from an 
91 solar c e l l  matrixes requires that  each individual c e l l  be 
/ / 27 ce les t i a l  space environment over an extended period of t i m e .  In I 
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28 assuring panel re l i ab  , it has been common practice t o  
29 ' continuously i individual c e l l s  of the matrixes and 
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30 I repair  the mat 
accidentally induced impact. Additionally, contaminants i 
frequently are deposited on the surfaces of the individual sol= I 1 
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19'1 c e l l s  during the fabrication of a matrix. ' 
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Solar panels are  formed of a plural i ty  of inter-  
connected solar c e l l  matrixes. Normally the panels are employed 
i n  providing e lec t r i ca l  power t o  spacecraft operating i n  a 1 
OBJECTS SUMMARY OF THE INVENTION 
2 Xi It is  therefore an object  of the  ins tan t  invention t o  
' I 
3' provide an improved solar  c e l l  matrix. 
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1 It is  another object  t o  provide a matrix includfng a 
7~ 
plura l i ty  of so lar  c e l l s  supported i n  a m a ~ e r  which increases 
8, the  r e l i a b i l i t y  of t h  
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1lI It is  anot t o  provide an improved s ~ l a  ce l l  
121 matrix having a plur ividually encased solar  c a l l a *  
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It is  another object  t o  provide i n  a solar  c e l l  mtrix 
1 7  a p lura l i ty  of individual solar  c e l l s ,  each being encapsulated 
These and other objects and advantages are achieved 
by encapsulating each individual solar c e l l  within a header 
formed of an insulating material and conforming t o  a frame f o r  
receiving therewithin an individual solar ce l l ,  and a cover glass 
secured t o  the header for  completing encapsulation. Each solar 
ce l l ,  i n  turn, i s  provided with an e lec t r i ca l  connector for I I 
I 
coxmecting the c e l l  within a power c i r cu i t  fo r  forming a m a C r F x  
suitable for  use i n  solar panels. 
B R I E F  DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a perspective view of a solar cell matrLx 
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' Fig. 5 i s  a fragmented, part ial ly sectioned elevation 
of the solar c e l l  of Fig. 2 i l lus t ra t ing  one manner i n  which the 
solar c e l l ' i s  e lec t r ica l ly  coupled within the rnatrix of F l i g .  l, 
Fig. 6 i s  a fragmented view, similar t o  Fig, 5, 
depicting an al ternate  manner i n  which the solar c e l l  Ls 
elec t r ica l ly  coupled i n  the matrix shown in' Fig. I. 
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11 Fig. 7 is gmented sectional view i l luserat ing s t i l l  I 
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another manner i n  which the solar c e l l  i s  e lec t r ica l ly  coupled 
within the matrix of Fig. 1. 
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DESCRIPTION 2 TE.fE PREFERRED EMBODIMENT 
I Referring now t o  the drawings wherein l ike  reference I 
I 
characters designate l i k e  or corresponding parts throughout the 1 
' several views, there i s  shown i n  Fig. 1 . a  matrix 10 which i 
. 
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711 each matrix 10, i n  i t s e l f ,  i s  s miniature solar panel having a 
a solar panel of an operative spacecraft. Since the technolo 
employed i n  coupling solar c e l l  matrixes within solar panels 
4l 
5 
6 
well within the s k i l l  of the a r t  and forms no parficular part 
of the instant ntion, a detailed description i s  omgtted i n  
t h e i n t e r  of brevity. However, it i s  t o  be understood tha t  
81 
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I I 1711 configuration and are  formed of a th in  s i l icon material provided 
plural i ty  of solar c e l l s  16 e lec t r ica l ly  coupled within a power 
c i rcu i t .  When the matrix 10 i s  presented with a source of solar 
101 
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'I . 1 8 ;  with metalized areas defining thereon e lec t r ica l '  c i rcu i t  leads. I 1 
t 
energy a flow of e lec t r i ca l  current' responsively is in i t i a ted  
within the power c i rcu i t .  
The solar c e l l s  16 normally are  of a rectangular 
t o  note that  each so c e l l  includes an c t r i c a l  coatac 
19' 
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20,  
Again, i n  view of the fac t  tha t  solar c e l l s  a re  well known, a I I 
1 
detailed description of the techniques employed i n  f abricdting I 
I i 
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Each of the solar c e l l  uni ts  12 includes a header 20 
which, i n  effect ,  i s  a rectangular frame configured t o  conform t o  
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the shape of the solar c e l l  16 for  receiving therewithin a 
single solar ce l l .  As a practical  matter, the header 20 is  
fabricated from a plural i ty  of paral lel  pairs of r i g id  s tructural  
mernbers 22 which, collectively, define an area having dimnsions 
s l ight ly greater than the dimensions of the solar c e l l s  t o  be 
received therewithin. In  practice, the s tructural  m d e r s  22 aure 
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17; 
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19 
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20i I 
fabricated from a suitable, lightweight insulator nnaterial, such 
as extruded ceramics, f o r  example. 
, " 
The solar c e l l s  16 are  supported within the headers 20 
by corner gussets 24, Fig. 3, fixed within the corners of the 
header and ac t  a s  supporting brackets for  the solar ce l l s .  The 1 
I gussets 24 can be fabricated and secured within the corners of 1 
I 
the header i n  any suitable manner. For example, agly sujitable I 
I 
bonding adhesive can be employed fo r  t h i s  purpose. 
i 21 
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22 1 
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A s  best i l lus t ra ted  i n  Fig. 4, each header 20 includes 
1 
the  c e l l  a t  which the contact 18 is  provided, as bes t  i l l u s t r a t e d  
i n  Fig. 6. Of course, it i s  t o  be understood t h a t  the leads 14 
a r e  s t ruc tura l ly  coupled with the  contacts 18 and 26 i n  any 
sui table  manner, such as through conventional solder%% 
It i s  a l s o  important t o  understand t h a t  the  dndlividual 
8. The par t icular  type of 
as best  i l l u s t r a t e d  in 'F ig .  5, where the  lead 14 i s  secured t 
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As best i l lu 'strated i n  Fig. 1, the uni ts  12 are  
seated on a substrate 34 formed of any suitable m t e r i a l  
consistent with the design and use of solar c e l l s  aboard 
spacecraft. The substrate 34 i s  formed of an insulating 
material and includes thereon a plural i ty  of p r i n t e d - c ~ c u i t  bus 
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bars 36, formed through any suitable technique, such as  by 
vacuum deposition. These bus bars extend along the surface of 
the substrate and e lec t r ica l ly  couple the individual solar c e l l s  
i n  the power c i rcu i t .  
In  order t o  complete encasement of the individual 
I 
c e l l s  16 of each of the solar c e l l  uni ts  12, a cover glass 38 
of a planar configuration i s  seated on the uppermost surface of 
I 
each of the headers 20 and i s  adhesively secured thereto. The 
1 
I particular material from which the cover glass i s  fabricated i s  
I 
i deemed t o  be a matter of convenience, however, quartz is cornonly I 
I I 
employed for  t h i s  purpose . I 2oil 11 
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In  the event it i s  found desirable t o  mount the 
individual solar c e l l  uni ts  12 i n  close proximity, for  thus 
increasing the density of c e l l  concentration for  a given uni t  of 
area, the cells 16 can be mounted i n  the manner i l luscrated is 
F i g . 7 .  
/ i 
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A s  i l lus t ra ted  i n  Fig. 7, the header 20 i s  formed o f  a 
plurali ty of s t ructural  members designated 40. Each of these 
members i s  of an L-shaped configuration and serves t o  support 
thereon a peripheral surface of one of the solar ce l l s  16. 
However, a t  opposite surfaces of the supporting portions of 
appropriate s t ructural  members 40 there i s  provided metalized 
areas 42 and 44.  Preferably, the metalized area 42 i s  formed on 
the c e l l  a s  a c e l l  contact while the area 44 i s  formed on the 
s tructural  member 40 and serves a s  a bus bar. The metalkzed 
areas 42 and 44 are  e lec t r ica l ly  connected through a plural i ty  
of metal-filled openings 46.  The resul t ing header i s  seated on 
and adhesively secured to  the substrate 34 i n  the ntaklner 
aforedescribed. Through an employment'of t h i s  s t ructure the 
leads 14 and bus bars 36 are eliminated. 
In  view of the foregoing, it should readily be appment 
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4 mounted on said substrate; and , 
5 C. protective means separately associated with each 
6 solar c e l l  of said plural i ty  of solar c e l l s  fo r  protect%% the 
7 edge surfaces thereof. 
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2. The matrix of claim 1 wherein said protective means 
includes a header comprising a substantially r ig id  structure 
mounted on said substrate and circumscribing the peripheral edge 1 
surface of the solar ce l l .  
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3 .  The matrix of claim . . 2 wherein the protective means i 
further includes a cover glass  of a planar configuration 
supported by sa id  header. 
E 
4 .  The matrix of claim 3 wherein said header is  
formed of an insulating material and includes means associated 
.!I , ,# 3 therewith connecting the solar c e l l  with an e lec t r i ca l  c i rcu i t ,  
1 
I 
I 
I - .----"*-- 
U+ " 
4" - 
/'" i 
/ I I 
' I e 
i 1 
I 
*- 
(I- 
I 
1 
2 
3 
1 
2 
3 
4 
I 
I 
5. The matrix of claim 4 further including wms 
supporting each of said solar c e l l s  within said substantially 
r ig id  structure,  
6, The matrix of claim 4 wherein the mans assoe&ated 
with said header connecting the solar c e l l  with an electrfesll 
c i r cu i t  includes a plural i ty  of e lec t r i ca l  leads extended 
through said r i g id  structure. 
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!I 7 ,  The matrix of claim 4 wherein the mms for  
connecting each of the solar  c e l l s  with an e lec t r i ca l  c i r cu i t  
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includes metallized areas formed on said header. I 1 
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